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Abstract
Drawing its etymology from the Latin pestis (curse), plague, over the centuries, has been more dreaded by humankind than any other
epidemic. The Apocalypse had recognized plague as the archetypal divine curse, ‘the power to kill over a fourth of the earth’. Plague is
thus a particular topic of study, insofar that it is one of the rare epidemics that has had recurrent major consequences on demography
and human societies. Its highly transmissible nature, the brutality of its action, its high pathogenicity, marked by strong lethality and great
swiftness, and the complete absence of treatment options before the 20th century conferred on it a sinister aspect. Generating a series
of severe demographic crises, well known in the Western world, it has necessarily inﬂuenced the evolution of societies at both the bio-
logical and cultural levels.
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Historical Data
Our knowledge of past plague epidemics is obviously related
to the existence of sources. For ancient periods, prior to
our era, we can suspect the existence of epidemics only
through metaphorical texts, usually with a theological orien-
tation, which makes the recognition of clinical symptoms
impossible. I quote here the example of the Bible, in which
three occurrences at least of plague epidemics can be con-
sidered: the Ark of the Philistines, David’s Punishment, and
the retreat of Sennacherib [1–3]. According to historical
sources, the history of plague is divided into three pandem-
ics.
The First Pandemic (sixth to eighth centuries)
The First Pandemic (also called the ‘plague of Justinian’)
started in 541 on the African continent (Egypt or Ethiopia).
Quickly, via commercial exchanges, it infected many coastal
areas of the Mediterranean Basin. This First Pandemic would
have lasted for approximately 250 years, including the epi-
demic resurgences. The interiors of the continent seem to
have been relatively spared, except for some major exchange
routes (e.g. the Rhone valley and the Nile valley). However,
it has to be noted that our knowledge of the infected zones
is based only on ancient texts, which were written within
speciﬁc geopolitical and cultural contexts. Also, these works
were not aimed at producing an epidemiological assessment,
and it is very often through anecdotes that epidemics can be
located. In an economic context where states’ wealth was
essentially based on their demography, the impact of this
First Pandemic on societies was undoubtedly very important.
The Second Pandemic (14th to 19th centuries)
The Second Pandemic started in Central Asia, probably in
the 1330s. The disease spread from there towards the Cas-
pian Sea and the shores of the Black Sea. The ﬁrst signs of
the Black Death were reported in the army of the Khan of
Kiptchak, which besieged the town of Caffa, in Crimea, in
1346: the plague-stricken corpses thrown into the city by
the catapults propagated the disease, and the Genoese ves-
sels brought it back to the West [4]. From Caffa, the disease
was spread to Constantinople, and then, between 1347 and
1350, to the whole of northern Africa and western Europe.
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Rapidly, the ports set up quarantine spaces. The concept of
quarantine originated in Ragusa (in Croatia), where it was
instituted in 1377 [5]. In Venice, it seems that the Island of
Santa Maria of Nazareth was used from the outset of the
Second Pandemic, if not for the care, at least for the burial
of the victims. However, it was only in 1423 that an isolation
place was constructed for the plague-stricken on this island.
It has to be speciﬁed here that the name Nazaretum was
quickly transformed to Lazzaretum, which became Lazzaret-
to. It is this term that ﬁnally became the name of all sites
where people suspected of being affected by contagious
disease were isolated [6].
Writers of the 14th century have left us evidence of the
impact of this ﬁrst epidemic assault. The Franciscan Father
Michel Platensis de Piazza testiﬁes in these terms: ‘In Octo-
ber 1347 twelve ships arrived in Messina harbour from
Genoa having ﬂed the curse that the Lord had sent them in
punishment of their sins. They brought such a contagious evil
that just speaking with those that were afﬂicted was enough
to be oneself mortally affected without any hope of recov-
ery.’ The Irish Franciscan monk John Clyn wrote ‘I am writ-
ing while I am waiting to die surrounded by dead’; and the
columnist Froissart wrote ‘at this time, a disease that one
claims epidemic ran by the world, which a good third of the
world died from’. Many studies also showed the demo-
graphic impact of this ﬁrst epidemic wave, in England, in
Spain, or in the north of France. However, the sources that
enable more precise quantiﬁcation of the demographic
impact are rare, and the work of the historian is thus difﬁ-
cult for want of documentation. For this reason, the parish
register of Givry (Saoˆne-et-Loire) provides an exceptional
opportunity, and allows estimation of the population of the
village at between 1200 and 1500 inhabitants before 1348
[7]. It also shows that, during the 10 years prior to the pla-
gue, about 30 people died each year. However, between 5
August and 19 November 1348, the date at which the regis-
ter is interrupted, 619 people perished, that is to say, nearly
one-third of the population.
For some provinces, or even some areas of Europe,
sources are missing, and it is thus difﬁcult to determine the
rhythms of the contagion. It seems, however, that some
areas remained free from contagion for a few years, e.g. the
Brabant, Galicia, and Czechia [8,9].
Following this ﬁrst outbreak in the middle of the 16th
century, plague settled in Europe, North Africa, the Middle
East, and Asia, taking on an endemic character and regu-
larly causing epidemic outbreaks. As time passed, and in
particular from the 16th century, the records (authentic
or parish registers) became more comprehensive, providing
historians with better information with which to measure
the rhythm and the importance of the periods with a high
death rate.
From this point, the presence of plague and its recurrent
epidemics would deeply mark the populations. Religion gives
evidence of its haunting presence, and a particular devotion
to certain great ﬁgures developed from the very beginning of
the Second Pandemic, e.g. the Virgin and Saint Roch. The
pleas for the epidemic to stop multiplied: mass pilgrimages,
and the construction of chapels and churches.
From the second half of the 17th century, the epidemics
were fewer in number and less severe in Europe. Several fac-
tors can explain the retreat of the disease in the northern
areas: more rigorous health rules, better public hygiene, and
changes to the ecosystems.
It should, however, be pointed out that there were
important epidemic outbreaks between 1709 and 1720 in
central Europe and northern Europe, as well as some more
limited epidemics, e.g. in Lithuania in 1731, in Hungary and
Armenia in 1738–1740, and in Dalmatia in 1763. However
two famous episodes marked the 18th century: the plague of
1720–1722 in Provence [10–12] and the epidemic of 1770–
1771 in Moscow [13,14]. The almost emblematic character
of these two contagions is related, on the one hand, to the
extent of the demographic disaster (more than 100 000 peo-
ple died in both cases), and on the other, to the anachronis-
tic aspect that these epidemics assumed. Nevertheless,
plague continued to ravage the Middle East, e.g. between
1798 and 1801, with the famous episodes of Bonaparte’s sol-
diers at Jaffa and Malta in 1813, and North Africa (1818–
1820 in Tunisia; 1834–1835 in Egypt).
The Third Pandemic (end of the 19th century to the
present day)
The Third Pandemic started in China in the second half of
the 19th century. With the political disturbances and dis-
placements of populations that were its corollary, plague
spread quickly in several Chinese provinces [15], and then in
the Indian subcontinent [16]. Via commercial exchanges, and
beneﬁting from steam navigation, plague reached Saudi Ara-
bia and Turkey in 1897, and then Madagascar in the following
year. This new extension of tplague greatly worried Europe-
ans, who decided to organize an international health confer-
ence, in Venice, in February 1897, with the objective of
agreeing on measures to prevent the contamination of
Europe [17].
Nonetheless, the pandemic continued to spread. In 1899,
Japan, areas of eastern and southern Africa, Egypt, Portugal,
Brazil and Paraguay were infected. Not only was the conta-
gion at the doors of Europe (epidemic outbreaks on the ter-
ritories of the Sublime Porte and in the Maghreb), but new
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areas were also infected, such as the south of the African
continent and South America, and cases even multiplied
unexpectedly in certain industrial towns (Sydney, San Fran-
cisco, and New York). The European harbours did not seem
themselves to be safe places anymore: Lisbon, Glasgow in
1899, and England at the beginning of the 20th century. It
was in Manchuria, at the time of the epidemic of 1910–1911,
that the ﬁrst international health mission was set up [18,19].
This epidemic, which quickly appeared to be mainly pulmo-
nary, greatly worried the Western great powers present in
the various provinces of the Middle Earth Empire [20–22].
In France, concern grew particularly with the 1920s
watershed, as cases multiplied in Paris (95 cases, including 33
deaths, in 1920 and 1921) [23] and in Marseille (26 cases,
including ﬁve deaths, in 1919, and 62 cases, including 21
deaths, in 1920) [24]. This concern continued during the
interwar period (45 cases of plague in Paris between 1921
and 1934). This worrying situation was also present in other
European countries, in particular Spain and Portugal. Having
been endemic in North African countries during all of the
ﬁrst half of the 20th century, following the military events of
World War II, and thus in a particular health context, plague
reappeared in Europe: the ﬁrst cases appeared in Corsica, in
Ajaccio, between May and July 1945, and cases then
occurred in Italy.
Current Situation
In the 1970s, the eradication of plague had been considered,
but this must now be regarded as a utopian idea. Indeed,
unlike other highly transmissible infectious diseases (such as
smallpox), plague is a disease that originally affects rodents,
which constitute a permanent reservoir of the disease; it
only exceptionally affects humans. The eradication of plague
would thus require the elimination all concerned rodents, i.e.
approximately 200 species. At the beginning of the 21st cen-
tury, plague is localized within limited areas, dispersed on
three continents: Africa, America, and Asia. The extension of
these sources over the past few years and the development
of new means of transport could involve a geographical
extension that could be alarming if effective antibiotics were
not available. In Madagascar, between 1996 and 1998, in 38
districts, 5965 patients suspected of having plague were
counted [25]. In the USA, the situation is alarming, as plague
currently extends over 20 states and is progressing towards
the east, year after year. The increase in the number of
human cases, the reappearance of the disease in areas where
we believed that it had disappeared and the extension of
existing sources has recently led to the classiﬁcation of this
disease within the group of re-emergent diseases [26]. In
1994, for example, plague hit Malawi, Mozambique, and India,
which had not known an epidemic outbreak for 15–30 years
[27–30]. In 2003, the re-emergence of human plague in Alge-
ria, 50 years after the last case, shows again that the geo-
graphical distribution of the natural sources is not
immutable.
Global eradication of plague is thus far away. Certain natu-
ral sources are permanent, alternating between time of epi-
zooty and times of silence; others are temporary, resulting
from external contributions. Each year, hundreds of cases
are declared in the world, and the deaths remain relatively
numerous. The number of cases ofﬁcially notiﬁed by the
WHO is considerably lower than the real number (because
of endemic countries not declaring all the cases, and difﬁcul-
ties in diagnosing the disease on the ground). In 2002 and
2003, the world mortality rates were, respectively, 9.2% and
8.6%, as compared with an annual average of 7.1% during the
decade 1992–2001.
Without considering a disaster scenario, it should be
noted, as H. H. Mollaret declared, that: ‘The plague has a
past; it has a present; nevertheless its future capacities are
not to be underestimated.’ The discovery, in 1997, in Mada-
gascar of a new multiresistant strain of the bacillus Yersinia
raised old fears. This strain of Yersinia pestis Orientalis, 17/95,
[31] proved to be resistant to eight antibiotics, either
frequently used antibiotics (streptomycin, gentamicin, tetracy-
cline, and chloramphenicol), or those constituting second-line
treatment (ampicillin, kanamycin, spectinomycin, and minocy-
cline). The patient was eventually saved by being given a
more powerful antibiotic (co-trimoxazole). The treatment of
the patients reached by this new strain of the bacillus thus
requires more expensive antibiotherapy, which has worrying
consequences: an important epidemic will be controllable
with more difﬁculty in developing countries, and this will
increase the risk of it spreading. In addition, the discovery of
this multiresistant strain comes as a reminder, if needed, that
the bacteria are also subject to Darwinian evolution and
adaptation to their environment.
What is Yersinia pestis?
At the beginning of the 1980s, studies showed genomic
proximity between Y. pestis and Yersinia pseudotuberculosis
[32]. A recent study focusing on the evolution of Yersinia
pathogens showed that Y. pestis was a species that had
emerged from Y. pseudotuberculosis. This emergence would
have happened in a chronological interval ranging between
20 000 and 1500 years before our era [33].
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The plague bacillus is a Gram-negative coccobacillus of the
Enterobacteriaceae family and of the genus Yersinia. It is one
of the most pathogenic microorganisms of the bacterial
world. Although the survival time of the bacterium is short
on putrefying corpses, it very resistant to darkness, which
allows it to survive in burrows (for up to several years) and
to infect new rodents that re-occupy these spaces. Three
biotypes of Yersinia pestis (Y. pestis Antiqua, Y. pestis Medievalis,
and Y. pestis Orientalis) were differentiated on the basis of
their biochemical characteristics [34]. The pathogenic capaci-
ties of the three biotypes are identical. Beyond the results of
the biochemical studies, the taxonomy of each of these three
biotypes was determined on the basis of the current geo-
graphical distribution (Y. pestis Antiqua in Central Africa, Cen-
tral Asia, and areas of the African Great Lakes; Y. pestis
Medievalis in the area of the Caspian Sea and Siberia; Y. pestis
Orientalis in Southeast Asia, South Africa, and North and
South America) and historical testimonies (as geographical
areas seem to be the starting point of each of the three pan-
demics). Thus, a biotypo-chronology was elaborated: Y. pestis
Antiqua was responsible for the First Pandemic; Y. pestis Med-
ievalis was responsible for the Second Pandemic; and Y. pestis
Orientalis was responsible for the Third Pandemic [34].
Available Sources with which to Study Past
epidemics
Researching on the past epidemics requires, in the ﬁrst place,
existing documentation. In fact, two types of source are
available.
There are, on the one hand, historical ﬁles (i.e. public or
private records) that allow, through multiple perspectives
(lists of victims, parish registers, accounts of communities, and
correspondence), the determination of the chronology of the
epidemics and measurement of the impacts of those on
human groups (demographic consequences, reduction in
exchanges, public loans, perception of the idea of contagion,
and resort to religion). Of course, the richness of these
records depends on the period considered, and we will not
be surprised to be better informed on the epidemics of the
18th century than on those of the 14th century. The other
source consists of the biological records, i.e. skeletons
exhumed from plague burial sites during archaeological digs.
These burials and these sites give us information on dead peo-
ple and death at times of crisis. The study of the skeletons, in
particular, makes it possible to know the demographic proﬁle
and the health conditions of this sample of the population.
Through precise reading of the archaeological facts, the ﬁne
digs of these sites enable us to determine the funerary ges-
tures, the methods of space management, and, very often, the
rapidity of the crisis. The presence of clothing and of personal
objects in direct contact with the skeletons testiﬁes to an
emergency burial and recovery of the corpses (sometimes
already in a state of advanced decomposition), and not just
the treatment of the dead patients. On the other hand, the
burial of the bodies without clothing, sometimes in shrouds,
indicates that a medical structure assumed responsibility for
these patients (hospital, inﬁrmary, or lazaret).
When possible, the synchronized reading of both sources
(historical and biological) allows considering the place within its
own epidemiological context, the reality of the place that was
used for the treatment and/or the burial of the victims.
However, for most of the time, the researcher has only
one type of source (history or biological) available. Never-
theless, it is essential to study the available material, fragmen-
tary as it is. The multiplication of cases, all original and
particular at some level, contributes to a work of synthesis
and an approach that goes well beyond the simple anthropo-
logical perspective.
The study of these series of skeletons allows a different
approach from that usually implemented on the traditional
necropolis. Indeed, as the demographic crisis hits young and
old people and men and women alike, the researcher should
not consider one simple palaeopathological study, but should
take a proper approach to the health condition of the popu-
lations, by calculating the prevalence of certain infectious
pathologies or by showing, for example, how many dead
people from the plague in 1720–1722 still carry the old
stress-related marks from periods of famine: the crisis of
1693–1694, and the Grand Hyver of 1709–1710 [35].
An interest that is not only archaeological and historical
For about 15 years, archaeological operations around multiple
and simultaneous burials multiplied, whether these can be
deﬁned as crisis (grave of the Observance [36], cemetery of
the Fe´dons [37], or cemetery of Lariey [38]), or as proper
catastrophe (Venice Lazzaretto Vecchio [39] or the sites of
De´los and of Rayettes in Martigues for the epidemic of 1720–
1721 [40]). These brought a new perspective on the past epi-
demics via approaches that cross several disciplines. This new
documentary source composed of the plague skeletons can
open other horizons as far as new tools can be implemented.
It was in 1998 that the next step was taken. Under the
impulse of Didier Raoult, the Rickettsies’ Department of the
Faculty of Medicine of Marseille managed to conﬁrm the pres-
ence of old DNA of Y. pestis in the dental pulp of several peo-
ple exhumed from the site of Observance [41]. With the
reading of the archaeological facts, just as with the data result-
ing from the historical records, no doubt could persist about
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the presence of the plague before the burial of the bodies dis-
covered in this grave. Having the equipment offering such cer-
tainty enabled a perfectly reliable protocol of identiﬁcation to
be set up. Today, this approach goes well beyond the simple
conﬁrmation of a hypothesis considered at the time of the
excavation, as the strain itself of the pathogenic agent can be
identiﬁed. The results obtained from several sites dating from
the First and the Second Pandemics have challenged previous
theories. Indeed, until the beginning of the 2000s, the theory
of R. Devignat was unanimously accepted: each pandemic
originally came from a different biotype of Y. pestis. Recent
microbiological work has removed this certainty, as the typing
performed on contemporary burials of the First and the Sec-
ond Pandemics [42,43] shows the exclusive presence of Orien-
talis, i.e. of the biotype that was believed up to now to be
responsible only for the Third Pandemic. Also, the very recent
sequencing of the almost entire genome of the Y. pestis
responsible for the London Black Death, 1349–1350, indicates
that this strain was not of the Medievalis biotype [44,45]. Thus,
based on the archaeological sources, and on precise work on
the contexts of burials and their chronological situation, the
biological archives do contribute to better knowledge of the
evolutionary phenomena of certain highly transmissible
pathogens. This is far from being devoid of interest within the
context, as was shown earlier, of the appearance of strains of
Y, pestis that are multiresistant to antibiotics.
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